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FORWORD 

This is Volume I11 of a s ix  va,ume final report 
covering work accomplished by the Research and 
Development Center of the General Electric Company, 
Schenectady, New York from 5 July 1963 to 30 June 
1967. This program w a s  sponsored by the Missile 
and Space Division of the General Electric Company, 
Philadelphia, Pennsylvania, under National Aeronautic s 
and Space Administration Contract NAS 8-1 1523 

Zero Leakage Design for Ducts and Tube Connectors 
fo r  Deep Space Travel. 

I' 

The six volumes contained in this final 
report are:  

Volume I - - "Fundamental Investigations" 

Volume I1 - - "Connector Concept Studies" 

Volume 111- - "Guide in Selecting Duct, Tubing, 
. and Gasketing Materials for 

Space Vehicles and Missiles" 

Volume N--"New Connector Designs and 
Testing'' 

Volume V - - "Tube Connector Design Principles 
and Evaluation'' 

Volume VI- -'IX-Connector Feasibility Studies" 

' 
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Section 1 

This i s  Volume 111 of a six volume repor t  covering work accomplished 

during t h e  period from Ju ly  5; 1963 t o  June 303 1967, under NASA Contract 

NAS 8-11523, "Zero Leakage Design for Ducts and Tube Connections f o r  Deep- 

space Travel ." 
OBJECTIVE AND USE OF GUIDE MANUAL 

The objec t ive  of t h i s  guide manual i s  t o  present  an e f f i c i e n t  and compact 

compilation of usefu l  da t a  t o  a id  designers confronted with the s e l e c t i o n  of 

a tube o r  duct material f o r  mis s i l e ,  rocke t ,  and space vehic le  propel lan t  

handling and s torage  appl ica t ions .  This guide manual can be used: 

0 To determine i f  a given ma te r i a l  i s  s a t i s f a c t o r y  f o r  a 
given set of condi t ions (Sections 2 and 4). This would 
be he lp fu l  t o  a designer who has had previous experience 
with a c e r t a i n  duct mater ia l  t h a t  has performed satis- 
f a c t o r i l y  under a spec i f i c  set of requirements. When he i s  
confronted wi th  a new se t  of requirements t h a t  a r e  s l i g h t l y  
d i f f e r e n t ,  t h i s  manual w i l l  provide him with the infor -  
mation necessary f o r  evaluat ion of the  previous mater ia l  
f o r  the  new condi t ions.  

0 To search f o r  new mater ia l  f o r  a given set of require-  
ments (Section 3) .  I n  t h i s  case,  the  designer  must l i s t  
the  requirements t h a t  the unknown mater ia l  must withstand. 
He should r e f e r  t o  the  mater ia l  property t a b l e s  i n  Sec t ion  
3 and consider only those ma te r i a l s  t h a t  meet the  spec i f i ed  
requirements. A supplemental check should be made i n  
Sect ions 2 and 4 a f t e r  a t e n t a t i v e  s e l e c t i o n  i s  made. 

CONDITIONS AND LIMITATIONS 

Physical  and mechanical proper t ies  are given f o r  a s p e c i f i c  form, com- 

pos i t i on ,  temper, and hea t  treatment. When a s p e c i f i c  case does not  match 

t h a t  given here ,  the  designer must i n t e r p o l a t e ,  apply conservative s a f e t y  

f a c t o r s ,  search f u r t h e r ,  o r  experiment as he sees  f i t .  

Mater ia l  l imi t a t ions  due t o  temperature and compat ib i l i ty  with p rope l l an t s  

are presented i n  cha r t  form. 

behavior of mater ia l s  i n  a corrosive environment and da ta  is presented 

p e r t i n e n t  t o  the  s e l e c t i n g  of materials f o r  a propel lan t  handling system. 

I n  genera l ,  the  information i s  va l id  where: 

Also included i s  information descr ib ing  the  

0 tbere is no flow 

atmospheric pressure and room temperature p reva i l  

o t h e  environment i s  nuclear f r ee .  

1 



It is obvious that almost any use of this data will be an extrapolation. 
It is then at the designer's option to either accept that extrapolation, 
search further, or to determine for himself which data exactly fits his 

problem. 
number of materials that must be considered. 

The data and accompanying discussions should serve to reduce the 

2 



Section 2 

MATERIAL PROPERTIES 

The material properties given have been compiled mainly from 'IMetals 
Hnadbook" (Reference 6) and the "Materials Selector Issue" of Materials 
in Design Engineering (Reference 1). 
available, covering variatiqns reported by investigators for the same 
alloy. 
tested in air at room temperature. 

Ranges of values are given where 

Unless otherwise stated, all properties are for annealed materials, 

Tables I-XI1 give material properties for metals, metallic gaskets, 
plastics, and rubbers while Table XI11 gives the effect of temperature 
on ultimate tensile strength. 

Figures 1-54 show plots of the effect of temperature on material 
properties. 
Nomenclature for Material Properties Tables 

Izod Impact Test 
Charpy Impact Test 
Brinell Hardness 
Vickers Hardness Number 
Oxyacetylene Welding 
Inert Arc Welding 
Electric Resistant Welding 
A machinability index based on AIS1 B1112 = 100 
All percentage values of alloying agents are 
approximate values. 

Letter A indicates most favorable, B less favorable, 
etc., relative to the family of alloys under consideration. 

Hot Working Temperature OF 

In a Vacuum 

Recommended Service Temperature 

Face Center Cubic 

Body Center Cubic 

Closed Packed Hexagonal 

3 
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TABLE X I 1 1  EFFECT OF TEMPERATURE ON ULTIMATE TENSILE STRENGTH" 

Percentage of Ultimate Strength a t  Room Tempeature 
F -400 -300 -200 0 R.T. 200 400 600 800 1000 1500 2000 

0 

ALUMINUM 
2024 T 3  150 
3003-H18 - 
5052-H38 178 

6061-T6 145 

STAINLESS STEEL 
304L 264 
316 235 
321 265 
347 235 

17-14 CUM0 
A- 286 (LS) - 
19- 9DL 
A 1  loy S t e e l  $:::e .) 
NICKEL 

Nickel A 15 7 
Rene' 41 
Duranickel 
I n c  one 1- X 
Has te 1 loy- X 
Monel 

TITANIUM 
Unalloyed (C) 196 
6 AL-4V (C) 
13V- 11Cr-  3AL 
Tantalum 
Columbium F48 
Columbium D-31 

' Haynes 25 
Be r y  11 i um 

Magnesium ZK60A-T5 147 
Copper (pure) 194 

Copper 365(leaded mutz) 
Modified H- 11 
Z i rc  omi urn 
Lead 306 
Teflon 
Kel-F 

- 

240 200 110 100 85 
204 170 106 100 95 
230 205 111 100 95 
206 180 108 100 87 

100 
137 128 103 100 98 

100 94 
123 117 100 100 97 

140 126 102 100 
100 

172 160 102 100 99 
100 100 

128 119 102 100 

170 147 107 100 78 
160 134 101 100 90 

100 93 
200 150 100 100 95 

100 98 
100 94 

146 135 103 100 95 
100 97 

141 132 102 100 
155 134 103 100 
130 115 100 100 

100 
178 156 105 100 85 
183 167 100 100 
400 350 100 100 
260 260 115 100 

* 
A l l  exposures f o r  1/2 hour un le s s  otherwise noted, 

79 
87 
89 
76 

96 
88 
93 

98 
98 

56 
81 
89 
84 
95 
85 
88 
90 

75 
80 
81 
73 

92 
85 
86 

96 
95 

44 
76 
86 
80 
9 1  
76 
82 
81 

72 64 25 
72 65 31 
74 66 24 
70 65 26 

85(90Q°F) 39 
88 
80 
75 

9 1  
9 1  

35 
67 
75 
65 
87 
68 
77 
68 

90(500%) 83 
I 1  41 32 

82 
68 
51  

99 

83 
82 

26 
54 
47 
57 
83 
70 
68 
48 

70 - 

22 
24 

61 27 (1700°F: 

34 
45 20 (1800°F; 

42 32 
70 52 
64 35 
31 13.7 
20 ( 1200°F) 

Explanation of Symbols 
(S) 
(L) 
(C) 

(LS) 

Tested a t  temperature a f t e r  1/2 hour exposure. 
Tested a t  temperature a f t e r  10,000 hours exposure, 
Values independent of t i m e  for time between 1/2 t o  100 hours. 
Tested a t  temperature a f t e r  10,000 hours exposure. 
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on the behavlor at low temperatures. For example, finer grain size in steels 

improves l o w  temperature toughness. 

The table in this section and the table showing the effect of temperature 

on ultimate tensile strength may be used to establish the low temperature 

limitations for the specific problem at hand. 
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Section 3 

+.GRIAL LIMITATIONS 

Materials have been listed under material pnopertp headings in an orderly 

arrangement from highest to lowest The properties considered 

are ultimate tensile strength, yield strength, specific strength, machinability, 

useful temperature range, and corrosion resistance. Since this section is a 

rearrangement of information given in Sections 2 and 4 ,  it i s  subjected to 

the same limitations as discussed in each section. Note that the corrosion 

resistance data is drawn largely from the experience of the chemical industry 

in transporting and storing these fuels, oxidizers, and monopropelIants. The 

environments encountered have moderate temperature ranges and are not subjected 

to severe shock or vibration conditions. 

(Tables XIV-XIX) 

Included in th i s  section are the materials low temperature limitations. 

The major factors influencing the materials behavior at low temperatures are 

1) crystal structure, 2) alloy content, and 3) microstructure. Face center 

cubic materials such as nickel, copper, aluminum, lead, and silver remain 

ductile at cryogenic temperatures while body center cubic materials like iron, 

molybdenum, tantalum, etc. show a marked decrease in ductility at low tem- 

peratures. Hexagonal crystal materials already show limited ductility at 

room temperatures. 

The alloying agents have an influence on material properties at low 

temperatures. 

ductility is retained to lower temperatures. A lower carbon content in 

For example, as the nickel alloy is-increased in steels 

sheet also improves Cryogenic properties of steels. 

Microstructure also greatly effects the low temperature mechanical 

Therefore, heat treatment, properties of alloys, especially toughness. 

cold working, shape of part, method of fabrication, etc. all have an 

affect upon the given size and boundaries,and hence have a direct affect 
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TABLE XIV TENSILE STRENGTH (ROOM T E ~ ~ ~ )  

Tensile Strength 
( 1000 psi) 

Ultra High Strength Steel 
25 Ni 
Modified H-11 

Alloy Steels 
5150 
4340 
8650 
4320 
4280 
8620 

Titanium 
' 13 V, 11 Cr, 3 AL 
6 AL, 4V 

Rene' 41 

Inconel X 
Tantalum 10-W 
A-285 

I 
I Haynes 25 
I Monel 400 

Duranickel 
Has te 1 loy -X 
19-9 DL 
Columbium D31 
Titanium (una 1 loy ed) 
Stainless Steels (17-14 Cu Mo, 304, 316, 321, 347) 
Beryl 1 ium 
Copper Alloys 

715 Cupro-Nickel 
687 Aluminum Brass 
365 Leaded Muntz 

Nickel A (200) 
Aluminum Alloys 

2024-T3 
6061-T6 
5052-H38 
3003-H18 

2 ir conium 
Tantalum (una1 loyed) 
Magnesium ZK6OA-T5 
Plastics 

Vinyl ldene Chlor Fde 
Nylon 6 
ABS 
Chlorinated Polyether 
Kel-F 
Te f lon 

(1) Spread in property values between hardened and annealed state 
47 

319 
311-295 

(1) 312-116 

282- 123 
218-211 
207-205 
188-167 

284-142 (1) 

240-190 
180-145 

206 

162 
160 
150 
146 

140- 100 
120-90 

114 
114 
100 

100-60 
92-85 
90-60 

80 
60 
54 

75-55 

70 
45 
42 
29 
64 
60 

50-53 

40-15 
11.3-10.2 
8.5-7.5 

5.7-4.6 
3.5-2.5 
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TABLE xv YIELD STRENGTH OF METALS (ROOM TEMPERATURE) 

25 Ni Ultra High Strength  
Alloy Steel 8650 
Modified H-11 Alloy Steel 
Alloy Steel 5150 

Yield S t rength  
1000 p s i  

284 
250-114 
247-241 
250-102 (1) 

Titanium (13 V, 11 C r .  3 AL) 
Alloy Steel 4340 
Alloy S t e e l  4320 
Titanium (6 AL, 4 V) 
Tantalum 10 W 
Rene' 41 
Allby Steel 8620 

Titanium (unalloyed) 
Inconel X- 750 
columbium ~ 3 1  
Copper 715 (cupro-nickel) 

Haynes 25 

A- 286 

19-9 DL 

220-170 
228-130 
178-173 
175-135 

158 
154 

149-120 
100 

95-40 
92 
90 
73 
71  
67 

B er y 1 1 ium 55-45 
2 i r conium 
Dur nanic ke  1 
Aluminum 2024-T3 
Tantalum (unalloyed) 
Magnesium ZK60A-TS 
Hastel loy X 
Aluminum 6061-T6 
Aluminum 5052-H38 
S ta in l eee  Steel (17-14 Cu Mo, 304, 316, 321, 347) 
Nickel 200 
Aluminum 3003-HlB 

53 
50-30 

50 
48 

44-40 
43 
40 
37 

42-35 
30-15 

27 
Copper 687 (Alum. Braes) 27 
Copper 365 (Leaded Muntz) 20 

(1) Spread i n  property values between hardened and annealed s t a t e  

48 



TABLE XVI SPECIFIC STRENGTH* OF METALS AND PLASTICS 
(1000 Psi/LB) 

Titanium (13 V ,  11 Cr, 3 AL) 
Titanium (6 AL, 4V) 
Ultra High Strength Steel 25 Ni 
Ultra High Strength Steel Modified H-11 
Alloy Steel 8650 
Alloy Steel 4340 
B ery 11 ium 
Rene' 41 
Magnesium ZK60A-T5 
Alloy Steel 4320, 4820 
Titanium (unalloyed) 
Alloy Steel 8620 
Aluminum 2024-T3 
Aluminum 6061-T6 
Monel 400 
Aluminum 5052438 

Nylon 6 
Inconel X-750 
Columbium D-31 
Aluminum 3003-H18 
ABS Resins 
Tantalum 1OW 

A-286 

19-9 DL 
Copper 715 (Cupro-Nickel) 
Zirconium 
Haynes 25 
Duranickel 
Haste 1 loy -x 
Chlorinated Polyether 
Vinylidene Chloride 
Stainless Steel (17-14 Cu Mo, 304, 316, 321, 347) 
Nickel 200 
Copper 687 (aluminum brass) 
Kel-F 
Copper 365 (leaded muntz) 
Teflon 

' 1260 
1090 
960 
880 
880 
805 
800 
686 
665 
6 30 
583 
526 
500 
400 
400 
370 
350 
32 3 
310 
308 
2 70 
266 
260 
247 
226 
224 
203 
202 
174 
140 
133 
121  
94 
90 
88 
66 
51 

* Specific strength, or strength-weight ratios, were obtained by dividing yield strength 
of metals and tensile strength of plastics by the density. 
strengths of plastics are roughly equal to their yield strengths and the comparisons 
are valid, 

In most cases, tensile 
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Magnesium ZKbOA-TS 

Aluminum 3003,5052,6061 

Aluminum 2024 

Copper 365 Leaded Muntz 

Alloy S t e e l  4320, 4340 

Sta in lese  S t e e l  347, 321 

Alloy Stee l  8620, 8650 

S ta in l e s s  S t e e l  304, 316 

Alloy Steel 4820 

19-9 DL 

Copper 687 Aluminum Copper 

Titanium' A 1  loye 

A-286 
Copper 715 Cupro-Nickel 
Inconel X 

Haynes 25 

Index 

500 

185 

150 

120 

5-1-62 

55 

45-61 

50 

* 
Machinability index is  based on AIS1 B1112 : 100 

50 

45 

40 

30 

20-40 

27 

15 

12 



TABLE XVIII TEMPERATURE LIMITATION 

Metals 

Tantalum 
Haynes 25 
C o lttmb ium 
Alloy steels 

Ultra-High Strength Alloys 
Fine grained carbon steels 
3.5% Ni steels 
5% Ni steels 
9% Ni steels 
A286 Mar aging Stainlese Steel 
Stainless Steel 300 series 

B ery 11 ium 
Nickel Alloys 
2 lrconlum 
Copper 
Titanium (unalloyed) 

13V-11 Cr-3AL Heat treated 
6AL 4V 

Aluminum Alloys 2024-T3, 6061T6, 

Magnesium 
5052-H38 

* 

Upper* 
OF 

2200- 2 700 
1850-2250 
1950 

1400 to 2000 

1400 to 2100 
1200 to 2300 
1200 to 1450 
800 to 1500 
850 to 1400 

775 

650 

Lower 
OF 

- 
0 
-40 - 150 
-200 
-320 
-320 
-450 - 
-450 - - 
-400 
0 

-400 
-450 

Temperatures given are annealing ,emperatures of tkmaterials. Ma-nrials lose their 
strength as the temperature increases usually reaching unsatisfactory conditions 
before the annealing teaperature is reached. 
exposed to annealing temperatures when in use. 
perature accounts for various alloys. 

In any event the material should not be 
Large variations in annealing tem- 

Plastics Useful temperature range 
Teflon (PTFE) 500 -450 
Teflon (FEP) 400 -450 
Kel-F (PTFCE) 400 -400 
Chlorinated Polyether 300 
Ny 1 on 250 
ABS 250 -40 
Vinylidene Chloride 200 

Rubbers 
Si 1 i c one 
Vi ton 
Hypa lon 
Neoprene 

500 
450 
300 
240 

-120 
- 50 
-40 
-40 
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( 5 )  Service limited to 390°F maximum.. 
I 

(6) Service limited to 80°F but may be higher. 

(7) 

(8) Not to be used with aluminum in liquid oxygen. 

(9) 

Service limited to 160°F maximum. 

Suitable only for short-time use in systems where metals other than 
aluminum alloys are also in contact with propellant because of resulting 
preferential chemical attack on aluminum alloys by propellant. 

(10) Suitable for use with dry propellant. 

(11) Service may be affected by high flow rates. 

(12) Surfaces must be rust free for satisfactory use. 

(13) Material is compatible but embrittles at cryogenic temperatures. 

(14) Material is impact sensitive if stripped of its coating. 

(15) Classification based on limited information and given a lower rating 

I 

I than it may be capable of. 

(16) Duranickel was given the same rating as nickel since it contains 94% Ni 
and only 4.5 Al. 
corrosion may occur. 

Where A1 is attacked and Ni is not, no rating is given since 

(17) Service limited to 200°F. 
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(18) Use of all metals is contineent on suitable stabilization. Extended 
service of stainless steels in these propellants may result in heavy 
deposits of fluorides. 
flushed after use at high temperature to remove fluoride deposits. 

Syrtemo utilizing stainless steel should be 

(19) 

(20 

May be susceptible to chemical attack by propellant. 

Information on Alkyl Borane fuelr is limited because of government 
classification. 

(21) May be suitable for short exposures under controlled conditions where 
material is not allwed to become oxidized. It may decompose propellant. 

(22) Most conmonly used material of construction for propellant 
storage facilities. 

(23) Specified satisfactory for use by the Working Group on Safety Regulations 
for Liquid Propellants. 

(24) Except furfuryl alcohol 

(25) Must be free of all tracer of rust. 

(26) Service limited to gaseous propellant only. 

(27) Not rcceptible for liquid propellant. 

- Indicates lack of data t o  make evaluation. 

* 
Alloys considered in thio Guide Manual 
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Section 4 

COMPATIBILITY 

If there is no corrosive attack by the propellants, fuels, oxidizers, 

or monopropellants on its container, and if there is no decomposition of the 

propellant caused by the container, the propellant and container are considered 

to be compatible. 

of construction. When selecting a container material for these propellants, 

the effect of the material on the decomposition of the propellant is of prime 

importance. Propellants exhibiting the susceptibility to decomposition are 

pointed out in the discussion of propellants at the end of this section. 

However, corrosion is the major cause of incompatibility of a propellant 

handling system. 

deterioration of metal by direct chemical or electrochemical reaction with 

its environment. 

Several propellants are easily decomposed by common materials 

Corrosion* may be defined broadly as the destruction or 

CORROSION 

Corrosion occurs because a metal is inherently unstable tending to revert 

toward a stable state of which the metallic ores are familiar examples. 

Corrosion is superficial, but sometimes attacks areas of weakness such as 

grain boundaries where there is a difference in resistance to attack or local 

electrolytic action. Recent work on the fundamentals of corrosion has shown 

that the essential phenomena are the same for all metals and alloys, differing 

only in degree, not in kind. 

between metal and environment is electrochemical (Reference 21) 0 

The driving force of the corrosion reaction 

*A glossary of terms used in corrosion has been prepared by a committee of the 
American Electrochemical Society (1946). 
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Corrosion may be c l a s s i f i e d  (Reference 4 )  with  r e spec t  t o  i t s  outward 

appearance i n t o  f i v e  main types which a re :  

1. U n i f o r m  a t t a c k  - Examples a r e  r u s t i n g  of i ron ,  t a r n i s h i n g  of s i l v e r ,  

"fogging" of n i c k e l  and high temperature oxida t ion  of meta ls ,  Metals 

used t o  handle co r ros ive  f l u i d s  a r e  c l a s s i f i e d  i n t o  t h r e e  groups 

depending on t h e i r  cor ros ion  r a t e s  and intended app l i ca t ion .  The 

c l a s s i f i c a t i o n s  a r e  : 

( a )  When the  cor ros ion  r a t e  i s  l e s s  than 0.005 inches p e n e t r a t i o n  

per year  ( 0.005 ipy) . 
Metals i n  t h i s  category have good cor ros ion  r e s i s t a n c e  and 

may be used f o r  c r i t i c a l  p a r t s  such as valve s e a t s ,  pump 

s h a f t s ,  sp r ings ,  and s e a l s .  

(b)  0.005 t o  0.05 ipy.  

Metals i n  t h i s  category a r e  s a t i s f a c t o r y  i f  high r a t e  of 

cor ros ion  i s  acceptab le ,  i . e .  tanks,  p ip ing ,  va lve  bodies ,  

e t c .  

( c )  0 .05  i p y  and h igher .  

Usual ly  unsa t i s f ac to ry .  

2 .  Local Attack - A l oca l i zed  type of a t t a c k  where the  r a t e  of cor ros ion  

i s  g r e a t e r  a t  some a reas  than o the r s  i s  c a l l e d  p i t t i n g .  

i n  t h i s  type of cor ros ion  a r e  impingement a t t a c k  o r  cor ros ion-eros ion  

r e s u l t i n g  from high v e l o c i t y  l i q u i d s ,  f r e t t i n g  cor ros ion  which r e s u l t s  

from a s l i g h t  r e l a t i v e  motion ( v i b r a t i o n )  of two substances i n  con- 

t a c t ,  and cav i t a t ion -e ros ion  which r e s u l t s  from c a v i t a t i o n  a t  t h e  

Also included 

l iqu id-meta l  i n t e r f a c e .  
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3. 

4 .  

5. 

P a r t i n g  and Dez inc i f i ca t ion  - P a r t i n g  i s  t h e  p r e f e r e n t i a l  co r ros ion  

o f  one o r  more of t he  r eac t ive  components of t he  a l l o y  leaving  a porous 

r e s idue  and a f f e c t i n g  the  mechanical p r o p e r t i e s  of the  material. 

p a r t i n g  occurs  i n  b ra s ses ,  it i s  c a l l e d  d e z i n c i f i c a t i o n  because i t  is  

t h e  z inc  a l l o y  t h a t  i s  p r e f e r e n t i a l l y  a t tacked .  

I n t e r g r a n u l a r  cor ros ion  - T h i s  i s  a loca l i zed  a t t a c k  a t  t h e  g r a i n  

boundaries r e s u l t i n g  i n  the loss of s t r e n g t h  and d u c t i l i t y .  The 

a t t a c k  i s  o f t e n  rap id ,  pene t r a t ing  deeply i n t o  t h e  metal, and some- 

t i m e s  causes c a t a s t r o p h i c  f a i l u r e s .  

Cracking - I f  a metal cracks when subjec ted  t o  repea ted  o r  a l t e r n a t i n g  

t e n s i l e  stresses i n  a corros ive  environment, i t  is  s a i d  t o  f a i l  by 

co r ros ion  fa t igue .  When subjec t  t o  a cons tan t  h igh  t e n s i l e  stress 

i n  s p e c i f i c  co r ros ive  environment, t he  f a i l u r e  i s ; c a l l e d  stress 

c o r r s s i o u  cracking.  

When 

PASSIVITY 

A pass ive  metal i s  one t h a t  i s  a c t i v e  i n  the  Emf series but  which corrodes 

neve r the l e s s  a t  a very  low rate. The underlying proper ty  from which many 

s t r u c t u r a l  metals such as aluminum, chromium, and s t a i n l e s s  s teels  ob ta in  t h e i r  

n a t u r a l  cor ros ion  r e s i s t a n c e s  i s  pas s iv i ty .  P a s s i v i t y  may be def ined  f o r  a 

metal a c t i v e  i n  t h e  Emf series, or an a l l o y  composed of such meta ls ,  as e l e c t r o -  

chemical behavior t y p i c a l  of a n  apprec iab ly  less a c t i v e  o r  noble  metal (Reference 

Examples> are chromiumS .nickel;  molybdenum, . t i tanium, eircunium, s t a i n l e s s  s teel ,  

moners, and o t h e r s  whfcki are na tu ra l ly?  passive %n air.. Also included are 

metals pass ive  i n  pas s iva to r  so lu t ions  l i k e  i r o n  i n  d isso lved  chromates. 
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There a r e  two commonly e x p r e s s e d  t h e o r i e s  of p a s s i v i t y .  The f i r s t  s t a t e s  

t h a t  a p a s s i v e  f i l m  is  always a d i f f u s i o n  b a r r i e r  of r e a c t i o n  p r o d u c t s  s u c h  as 

m e t a l  ox ides  which s e p a r a t e  metal  from i t s  environment  and s lows t h e  ra te  of 

r e a c t i o n .  This  t h e o r y  i s  r e f e r r e d  t o  as t h e  o x i d e  f i l m  t h e o r y .  The second i s  

known as t h e  " a b s o r p t i o n  t h e o r y  of p a s s i v i t y "  and s t a t e s  t h a t  p a s s i v e  metals 

a r e  cove red  by a chemisorbed f i l m  o r  p a s s i v a t i n g  i o n s .  

on a d i f f u s i o n  b a r r i e r  f i l m  which a c c o u n t s  f o r  t h e  p a s s i v i t y  of metals. 

Both t h e o r i e s  a re  based 

CORROSION CONTROL 

The r a t e  of c o r r o s i o n  may be c o n t r o l l e d  by c a t h o d i c  and a n o d i c  ( p a s s i v a t -  

i n g )  p r o t e c t i o n ,  a p p l y i n g  r e s i s t a n t  c o a t i n g s ,  add ing  i n h i b i t o r s  and p a s s i v a t o r s  

t o  t h e  con ta ined  f l u i d ,  and a l l o y i n g  t h e  metal f o r  r e s i s t a n c e .  Ca thod ic  p r o -  

t e c t i o n  i s  one of t h e  most commonly used and one of t h e  more e f f e c t i v e  methods 

of c o r r o s i o n  c o n t r o l .  An e x t e r n a l l y  a p p l i e d  e l e c t r i c  c u r r e n t  p o l a r i z e s  t h e  

c a t h o d i c  e lements  of l o c a l  a c t i o n  c e l l s ,  which a r e  t h e  c a u s e  of t h e  c o r r o s i v e  

a c t i o n ,  t o  t h e  o p e n - c i r c u i t  p o t e n t i a l  of t h e  anodes (Reference 20) .  The s u r f a c e  

becomes e q u i p o t e n t i a l  and c o r r o s i o n  c u r r e n t s  no l o n g e r  flow. T h i s  me thod ,o f  c o r r o -  

s i o n  c o n t r o l  may f i n d  l i m i t e d  u s e  i n  p r o p e l l a n t  t r a n s f e r  system s i n c e  many p r o -  

p e l l a n t s  may be d e t o n a t e d  w i t h  a n  e l e c t r i c  s p a r k  o r  s t a t i c  e l e c t r i c i t y .  

Coa t ings  may be me ta l l i c ,  o r g a n i c ,  and i n o r g a n i c .  They posses s  t h e  

d i s a d v a n t a g e s  of p o s s i b l e  p o r o s i t y ,  s u s c e p t i b i l i t y  t o  damage d u r i n g  shipment 

o r  u s e ,  a n d ,  i f  m e t a l l i c ,  t o  g a l v a n i c  c o r r o s i o n  w i t h  t h e  b a s e  mater ia l .  

M e t a l l i c  c o a t i n g s  are  e i t h e r  n o b l e  o r  s a c r i f i c i a l .  

i n  t h e  g a l v a n i c  ser ies  w i t h  r e s p e c t  t o  t h e  b a s e  m e t a l  and are  r e s i s t a n t  t o  

c o r r o s i v e  a t t a c k .  

metal by c o r r o s i v e  f l u i d  s e e p i n g  th rough  t h e  p o r e s  of  t h e  c o a t i n g .  

Noble c o a t i n g s  are  n o b l e  

The c o a t i n g  may be undermined due t o  c o r r o s i o n  of t h e  b a s e  

I n  
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s a c r i f i c i a l  coa t ings ,  t h e  coa t ing  i s  a t tacked  and s a c r i f i c e d  t o  save  the  base 

metal. 

Inorganic  coa t ings  c o n s i s t  of g l a s s  l i n e r s ,  enamels, cement, and chemical 

conversion coa t ings .  Chemical conversion coa t ings  are p r o t e c t i v e  coa t ings  

formed i n  s i t u  by chemical r e a c t i o n  wi th  t h e  m e t a l  su r f ace .  An example i s  

t h e  i r o n  f l u o r i d e  formed on s t e e l  conta iners  when f i l l e d  wi th  hydrof luor ic  

ac id .  

Organic coa t ings  c o n s i s t  of p a i n t  and p l a s t i c  l i n e r s .  P l a s t i c  l i n e r s  

have e x c e l l e n t  p o t e n t i a l  f o r  cor ros ion  con t ro l  i n  p rope l l an t  handl ing systems. 

Teflon i s  r e s i s t a n t  t o  most p rope l l an t s  and being a thermoplas t ic  i t  can be 

j o i n t e d  by applying heat. - Caut?ion s H d d  ke .eqerc'i'sed/ wi th  T e f l s q  lrgdattse 
I 

- - .  of lies. larg61 dd f fa s ion  c o e f f i c i e h t .  , c' > ) ' )  I 

Another method of c o n t r o l  f o r  reducing cor ros ion  rates i s  by adding 

i n h i b i t o r s  t o  t h e  contained f l u i d .  An i n h i b i t o r  i s  a chemical subs tance  which 

when added i n  s m a l l  concent ra t ions  t o  an environment e f f e c t i v e l y  decreases  t h e  

co r ros ive  n a t u r e  of t h e  environment. An example i s  t h e  a d d i t i o n  of 0.1% of 

hydro f luo r i c  a c i d  t o  fuming n i t r i c  a c i d  i n  s tee l  con ta ine r s .  One type  of 

i n h i b i t i o n  r e s u l t s  from contac t  wi th  the m e t a l  s u r f a c e  of d e p o l a r i z e r s ,  pro-  

ducing h igh  d e n s i t y  c u r r e n t s  a t  r e s i d u a l  ca thodic  areas forming a p r o t e c t i v e  

f i l m  s imilar  t o  t h e  f i lms  on pass ive  metals .  

Alloying i s  an  e f f e c t i v e  means of improving t h e  r e s i s t a n c e  of metals t o  

co r ros ive  environments. The co r ros ion  r e s i s t a n c e  improvement of i r o n  wi th  

t h e  a d d i t i o n  C r  and N i  forming s t a i n l e s s  s t e e l s  i s  a well-known example. 

METAL3 IN'CORROSIVE MEDIA ' 

This s e c t i o n  b r i e f l y  o u t l i n e s  t h e  behavior of common m a t e r i a l s  of con- 

s t r u c t i o n  when exposed t o  a co r ros ive  environment. 

s e c t i o n  i s  l a r g e l y  taken from Uhlig and S p e l l e r ,  re fe rences  3 & S;respq?ctiVel~+,. 

Material presented  i n  t h i s  



S t ailklefi C:1St&els 

Stainless steels exist as ferritic, austenitic, or martensitic grade 

alloys and are designated as 200, 300 ,  and 400 series respectively. They are 

susceptible under some conditions to intergranular corrosion, pitting or 

crevice corrosion, and hydrogen cracking. 

Intergranular corrosion in stainless steels is usually caused by precipi- 

tation of a complex chromium carbide in the grain boundaries and is of primary 

concern in austenitic stainless steels. Susceptibility to intergranular cor- 

rosion is a function of temperature, time at temperature, and carbon content. 

The sensitizing temperature range is 750 F to 1050 F. When a 300 series alloy 

is heated to and above this temperature range, it should be rapidly quenched. 

Damage may occur upon exposure to a corrosive environment, the degree of 

damage being dependent on the environment and the temperature and time of 

exposure. Effective means of avoiding intergranular corrosion are (1) proper 

heat treatment, (2)  reduction of the carbon content to below 0.03% as designated 

by L (314L, 316L), and ( 3 )  addition of titanium or columbium which are known 

as stabilizing grades (321, 347,  3 4 8 ) .  

0 0 

Pitting or crevice corrosion occurs primarily in environment of chloride 

and bromide ions. Any crevice whether between two-metal surfaces or between 

a metal and a non-metal is the most likely place where the pit will initiate. 

Crevice corrosion may be avoided by cathodic protection, adding alkaline 

inhibitors to the chloride environment, operating at the lowest temperature, 

and maintenance of uniform oxygen or oxidizing concentrations. 

When subjected to applied or residual tensile stresses, stainless steels 

may crack transgranularly when exposed to certain environments. 

that are critical in causing cracking are different for austenitic and marten- 

sitic or ferritic stainless steels. For austenitic stainless Steel (300 series) 

Environments 



the most damaging ions are the hydroxyl (OH-) and the chloride ( C l - ) .  

however, does not tend to occur in ferritic or martensitic stainless steels in 

a chloride environment; therefore, martensitic stainless steels are preferred 

in chloride atmospheres. Martensitic stainless steels are, however, sensitive 

to cracking when exposed to slightly acidic solutions to a degree highly depen- 

dent upon prior heat treatment and hardness. In austenitic stainless steel, 

nitrogen is the element largely responsible for stress cracking susceptibility, 

and stabilizing additions such as molybdenum, titanium, and columbium, have no 

effect on reducing the susceptibility to stress corrosion. Stress corrosion 

can be reduced or eliminated in austenitic stainless steels by (1) keeping the 

operating temperature below 80 C y  ( 2 )  cathodic protection, (3)  elimination of 

chloride ion, ( 4 )  avoiding high concentrations of hydroxyl ions, and (5) using 

an alloy containing 50%nickel or reducing the nitrogen content. Use of a 

martensitic or ferritic stainless steel may be a preferable alternative in 

some applications. 

Cracking, 

0 

Aluminum ' . 

Aluminum has a sensitivity to corrosion by alkalies and to attack 

by traces of cooper ions in aqueous media. In addition aluminum is rapidly 

attached by mercury metal and ions, and is attached by anhydrous chlorinated 

solvents such as C C Q 4 ,  ethylene dichloride, and propylene dichloride. 

Aluminum receives its corrosion resistance from an oxide film that can be 

made thicker by anodizing. 4 

both hot and cold, (2)  fatty acids, ( 3 )  nitric acids with concentrations 

above 80% at temperatures up to 120°F, ( 4 )  distilled water, (5) atmos- 

pheric exposure, (6) sulfur atmospheres, and (7 )  fluorinated refrigerant 

gases. 

In general aluminum is resistant to (1) N H O H ,  

Aluminum alloys are generally not resistant to (1) strong acids such 

as H C Q ,  HBr , H SO HF , H C d 0 4 ,  H3P04 p~(2 )  1 ta%kd+eg puch,@,.. k$W, 40d i~~  1 i 111 I < *  
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conc re t e ,  ( 3 )  mercury, ( 4 )  sea water, ( 5 )  waters conta in ing  heavy meta l  i o n s ,  

( 6 )  ch lo r ina t ed  s o l v e n t s ,  and (7 )  anhydrous e t h y l ,  p ropry l ,  o r  b u t y l  a l coho l s  

a t  e l eva ted  temperatures .  

Mahne s iGm 

The cor ros ion  r e s i s t a n c e  of magnesium depends on t h e  p u r i t y  of t h e  

metal. I n  gene ra l ,  magnesium a l l o y s  are r e s i s t a n t  t o  (1)  atmospheric 

exposure i f  s t r e s s  r e l i e v e d  t o  avoid s t r e s s  co r ros ion  c racking ,  ( 2 )  d i s t i l l e d  

water, (3 )  hydrof luor ic  a c i d  ( p i t t i n g  may occur a t  water-air i n t e r f a c e ) ,  

and ( 4 )  a l k a l i e s .  Magnesium a l l o y s  i n  gene ra l  are no t  r e s i s t a n t  t o  (1) 

waters containing heavy metal i ons ,  (2)  sea water ,  (3 )  inorganic  o r  organic  

a c i d s  and a c i d  sa l t s ,  ( 4 )  methanol (anhydrous),  ( 5 )  leaded g a s o l i n e s ,  and 

( 6 )  Freon (C CP2 F2).  

Ccldpdr ,’: 

Copper i s  noble t o  hydrogen i n  t h e  emf series and thermodynamically 

s t a b l e  with no  tendency t o  corrode i n  water and i n  non-oxidizing a c i d s  f r e e  

of d i sso lved  oxygen. I n  oxid iz ing  a c i d s  o r  i n  a e r a t e d  s o l u t i o n s  conta in ing  

ions which form Cu complexes, cor ros ion  can be severe .  Copper i s  s u s c e p t i b l e  

t o  impingement a t t a c k  by h igh  v e l o c i t y  water o r  aqueous s o l u t i o n s  and stress 

co r ros ion  cracking.  Dez inc i f i ca t ion  of b ra s ses  i s  a s p e c i a l  problem. I n  

g e n e r a l ,  copper i s  r e s i s t a n t  t o  (1)  sea water ,  (2)  f r e s h  water both hot and 

co ld ,  (3 )  non-oxidizing a c i d s ,  and ( 4 )  atmospheric exposure. In  g e n e r a l ,  

copper i s  a t t a c k e d  by (1)  ox id iz ing  a c i d s ,  (2)  N H 4 0 H  (p lus  02), (3 )  high  

v e l o c i t y  ae ra t ed  waters and aqueous s o l u t i o n s ,  (4 )  ox id iz ing  heavy metal 

sa l t s ,  and (5) H S, s u l f u r ,  and s u l f u r  compounds. 2 
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Nickel -- 
Nickel  i s  active i n  the  emf s e r i e s  w i t h  r e spec t  t o  hydrogen, but noble  

wi th  r e spec t  t o  i ron .  It  corrodes by p i t t i n g  when exposed t o  s e a  water  but  

i s  no t  sub jec t  t o  stress cor ros ion  cracking except i n  high concent ra t ions  of 

a l k a l i .  I n  genera l ,  n i c k e l  i s  r e s i s t a n t  t o  (1) a l k a l i e s ,  ( 2 )  extremes i n  tempera- 

t u r e ,  (3)  d i l u t e  non-oxidizing inorganic  and organic  ac ids  (wi th  improved 

r e s i s t a n c e  i f  ac ids  are  deaera ted) ,  and ( 4 )  the  atmosphere. Nickels  cor rode  

when exposed t o  (1) ox id iz ing  ac ids  such as HNO ( 2 )  ox id iz ing  s a l t s  FeCR3, 

Cu C R 2 ,  e t c . ) ,  (3) a e r a t e d  ammonia hydroxide, ( 4 )  a l k a l i n e  hypochlorates ,  

( 5 )  sea  water, and ( 6 )  s u l f u r  o r  s u l f u r  containing reducing environments. 

3’ 

1 
j Titanium 

Titanium i s  a c t i v e  i n  the  emf s e r i e s  and is  r e a d i l y  pass iva ted  i n  a e r a t e d  

aqueous s o l u t i o n s ,  i nc lud ing  d i l u t e  ac ids  and a l k a l i s .  I t  i s  r e s i s t a n t  t o  

p i t t i n g  and crev ice  co r ros ion  i n  sea water and r e s i s t a n t  t o  stress cor ros ion  

c racking  i n  a v a r i e t y  of chemical m e d i a  with the  except ion of fuming n i t r i c  

ac id .  It  has  been r epor t ed  t h a t  t i tanium, presumably sponge, i n  con tac t  

wi th  l i q u i d  oxygen i s  s e n s i t i v e  t o  detonat ion by impact. I n  genera l ,  t i t a n i u m  

i s  r e s i s t a n t  t o  (1)  sea water gnc luding  high ve loc i ty) ,  (2)  wet ch lo r ine  (may 

i g n i t e  i n  dry C R , ) ,  ( 3 )  n i t r i c  a c i d  except fuming HNO 

and (5) hypochlor i tes .  Titanium w i l l  corrode i n  (1) aqueous HF, ( 2 )  f l u o r i n e , ( 3 )  

HCQ, ( 4 )  H2 SO4, ( 5 )  oxa l i c ,  formic ac ids ,  (6)  concent ra ted  hot a l k a l i e s ,  

( 4 )  oxid iz ing  sal ts ,  3’ 

( 7 )  molten s a l t s ,  and (8) high temperature exposure t o  a i r ,  n i t rogen ,  o r  

hydrogen which leads  t o  embri t t lement .  

Zirconium 

Zirconium is  an  active metal i n  the emf series, but  normally e x h i b i t s  

very  s t a b l e  p a s s i v i t y .  The chemical indus t ry  has  used zirconium p r i m a r i l y  
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in corrosive atmospheres since it possesses outstanding corrosion resistance 

to alkalies at all concentrations up to the boiling point. Zirconium generally 

is resistant to 1) alkalies at all concentrations, 2 )  hydrochloric acid, 

3 )  nitric acid, 4 )  sulfuric acid, 5 )  phosphoric acid, 6) boiling formic, 

acetic, lactic, or citric acids, and 7) sea water. Generally zirconium is 

reactive with 1) oxidizing metal chlorides, 2 )  HF, 3) wet chlorine, 4 )  02, N2, 

or H at elevated temperatures, 5) aqua regia, 6) boiling trichloroacetic 

acid, and 7) boiling CaC12 solutions. 
2 

Tantalum 

Tantalum exhibits the most stable passivity among known metals. It 

retains passivity in boiling acids such as HC1, HN03, and H SO 

chlorine or PeC13 solutions at above room temperatures. 

resistant to 1) hydrochloric acid at all concentrations up to boiling point, 

2) nitric acid all concentrations, 3) sulfuric acid, 4 )  chromic acid, 

5 )  phosphoric acid, 6) halogen gases, 7) aquaregia, 8) oxidizing metal 

and in moist 2 4  
Tantalum is generally 

chlorides, and 9) organic acids. 

2 )  HF and florides, 3) fuming sulfuric acid, and 4) 02, N 2  or H at elevated 

temperatures. 

In general it is attacked by 1) alkalies, 

2 

PROPELLANTS 

This section presents a limited discussion of fuel and oxidizer properties 

that are of interest to the designer selecting a material for a propellant 

handling.systern. The chemical behavior of the propellant that may affect the 

container material are pointed out along with its boiling and freezing t-emper- 

atures. 

Working Group on Safety Regulations for Liquid Propellants are given along 

with.a brief discussion. 

Materials of construction classified as satisfactory by use by the 

The information presented in this section was taken 
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from "The Handling and Storage of Liquid Propellants" Manual,@eferencen 17) 

Alcohols 

C hemica 1 

Considered in this group are high concentrations (99% by volume) of 

Methyl, Ethyl, Isopropyl, and Furfuryl alcohols. Their boiling point, freezing 

point, critical temperature, and critical pressure are given in the Table below: 

Critical 
Boiling Freezing Temperature Pressure 

Methyl alcohol 148'F - 144'F 464OF 1142 psig 

Ethyl alcohol 173 - 174 470 913 

Isopropyl alcohol 180 - 129 455 7 64 

Furfuryl alcohol 338 -26 --- 

Alcohols are excellent solvents and flammable liquids which will react vigorously 

with strong mineral acids or strong organic acids. 

nonfluorinated oxidizers; however, furfuryl alcohol is hypergolic with fuming 

They are not hypergolic with 

nitric acids. Methyl alcohol dissolves magnesium and its alloys. All liquid 

alcohols are insensitive to mechanical shock, but when mixed with oxidizers 

they form a mixture that can be exploded by impact, heat, or an electric 

shock. 

Materials of Construction 

All transfer and storage systems must be kept clean and free from 

combustibles. Steel is the most commonly used material for drums, storage 

tanks and permanent storage facilities. 

be used. 

Stainless steel and aluminum may also 

The materials listed below are non-metals which are acceptable for 
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use 

Polyvinyl chloride 

Neoprene 

Rubber 

Kel-F 

Teflon 

’ except for furfuryl alcohol 1 
Po lye t hylene 

Asbestos gasket material 

Alkyl Boranes (HiC,a1-3.,, ,@U?-2,,, HEF,-,3),: 

Chemica 1 

Because of the lack of unclassified information, in handling 

these propellants users are cautioned against extrapolating this infor- 

mation, although it is believed to be accurate. Alkyl borane fuels 

are mixtures of alkylated boron hydrides which react violently with 

o.xidizing materials and hydrazine. Slow reactions with water release 

hydrogen which may build up pressure during storage. 

boranes are insensitive to shock they may decompose under storage 

Although Alkyl 

conditions. 

Materials of Construction 

Alkyl borane fuels have been successfully handled during recent 

years. Since they are comparatively new fuels, not all conditions of handling 

have been evaluated. Therefore, fuel users should develop handling techniques 

appropriate for their operations. 

Experience indicates that boron hydrides are not corrosive to most 

metals. Nearly all common metals can be used in storage and transfer systems+ 

Some metals that have shown satisfactory performance with HiCal-3 are 
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S t e e l  Copper Lead Tantalum 

Nickel A1 umi num Titanium S t a i n l e s s  S t e e l  

Due t o  t h e  va r i ab le  na ture  of service f o r  which non-lhetals a r e  used, 

it i s  undesirable  t o  be s p e c i f i c  regarding t h e i r  performance. Some non-metals 

found t o  be compatible a re :  

Teflon, Nylon, Fluororubber, Kel-F. 

Non-metals found t o  be unsa t i s fac tory  fo r  s e r v i c e  and which should be 

avoided are: 

Natural  Rubber, Neoprene, S i l icone  Rubber. 

Anhydrous' Ammonia' (NHj) : 

Chemica 1 

Boil ing Poin t  - 28'F 

Freezing Poin t  - 108'F 

C r i t i c a l  Temperature 270°F 

C r i t i c a l  Pressure 1620 ps ig  

Anhydrous ammonia i s  a highly r eac t ive ,  bas i c ,  reducing agent .  The 

r a t e  of corrosion i s  dependent upon i t s  water content and temperature. Moist 

ammonia corrodes copper, t i n ,  z inc ,  and many a l l o y s  p a r t i c u l a r l y  copper 

a l l o y s .  Ammonia i s  i n s e n s i t i v e  t o  shock and thermally s t a b l e  up t o  950°F. 

When i n  contac t  with o ther  chemicals including mercury, ch lor ine ,  iodine,  bro- 

mine, calcium, s i l v e r  oxide, or  hypochlorite,  explosive compounds can be formed. 

Mater ia ls  of Construct ion 

Moist ammonia i s  genera l ly  more cor ros ive  than dry ammonia. Although 

i t  w i l l  no t  normally corrode i ron ,  s t e e l ,  or  aluminum, i t  w i l l  r e a c t  rap id ly  

wi th  copper, b rass ,  z inc ,  and many other  a l l o y s  e spec ia l ly  copper a l l o y s .  

Approved metals a r e :  
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1) Anhydrous ammonia (Dry) 

S ta in l e s s  steel  

Carbon steel 

Nickel a l l o y s  

2) Ammonia (Moist) 

Inconel 

Gold 

Si lver  

Platinum 

Gold 

Platinum 

Tantalum 

Aluminum (below 150°F) 

Tan t a lum 

S t a i n l e s s  s t ee l (300  & 400 
series) 

S t e e l  (ambient temperature) 

Aluminum (ambient tempera- 

tures) 

Some approved non-metals are:  

Teflon, Kel-F, Glass,  Polyethylene,  S i l i cone  (room temperature). 

Mater ia l s  found t o  be unacceptable when used with ammonia are:  

Copper, Neoprene, Vinylidene Chloride 

Chlorine Triffuoride'(ClF3):  

Chemical Nature 

Boiling Poin t  53'F 

Freezing Poin t  - 105'F 

C r i t i c a l  Temper a t u r  e 345'F 

Crit ical  Pressure  823 Ps ig  

Concentrat ion minimum p u r i t y  99% 

Chlorine t r i f l u o r i d e  i s  a cor ros ive  oxid iz ing  agent s imi l a r  t o  f l u o r i n e  

i n  r e a c t i v i t y ,  

is s t a b l e  when subjected t o  mechanical shock, hea t ,  and e l e c t r i c  spark. A 

vigorous reac t ion  occurs when placed i n  contac t  wi th  water ,  most metals,  and 

It i s  hypergolic and r e a c t s  v i o l e n t l y  wi th  most f u e l s  bait 

metal oxides a t  e leva ted  temperatures. 
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Mater ia l s  of Construction 

Metals such a s  copper, s i l v e r  solder ,  b rass ,  steel, magnesium, 

aluminum, Monel, and n i cke l  a r e  s a t i s f a c t o r y  f o r  use with ch lor ine  t r i f l u o r i d e  

because of t he  formation of a passivat ing f luo r ide  fi lm. 

n i cke l  a r e  prefer red  because of t h e i r  res i s tance  t o  hydrogen f l u o r i d e  and 

hydrogen ch lor ide  which is f o r m d  

water. 

metals t h a t  a r e  used t o  contain f luo r ine  must be used for chlor ine  t r i f l u o r i d e  

However, Monel and 

on reac t ion  of ch lor ine  t r i f l u o r i d e  with 

Cleansing and pass iva t ing  treatments s imi l a r  t o  those described f o r  

systems t o  reduce the  p o s s i b i l f t y  of rapid react ions.  

Approved non-metals which may, however, i g n i t e  when heated a r e :  

Neoprene (clothing only) 

Not recomended f o r  flow condi t ions 
Teflon 

Pyrex Glass 

Mater ia l s  unacceptable when used with l i qu id  ch lor ine  t r i f l u o r i d e  are:  

Inconel X ,  Hastelloy X, Titanium 

Ethylene Oxide (C2H40): 

Chemical 

Boi l ing Poin t  5 1°F 

Freezing Poin t  - 168OF 

C r i t i c a l  Temperature 380°F 

C r i t i c a l  Pressure 1028 Psig  

Ethylene oxide is a monopropellant whose vapor is flannnable i n  a i r  

i f  t he  concentrat ion is above 3%. 

s e n s i t i v e ,  but  its vapors explode when exposed t o  an electric spark,  s t a t i c  

e l e c t r i c i t y ,  excessive hea t ,  open flame, or detonat ing agents. Mixtures of 

Liquid ethylene oxide i t s e l f  is not  shock 
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vapor and a i r  a r e  more explosive then vapor alone. Decomposition and/or 

polymerization may occur v io len t ly  when i n  contact with a c a t a l y t i c  surface,  

such a s  anhydrous chlorides of iron, t i n ,  and aluminum, oxides of i ron  and 

aluminum, metal l ic  potassium, a l k a l i  metal hydroxides, acid,  and organic 

bases. 
0 

Reaction may be explosive a t  temperatures above 85 F. 

Materials of Construction 

A l l  t ransfer  and storage systems should be grounded t o  avoid uncon- 

t ro l led  explosion from an electric spark or  s t a t i c  e l ec t r i c i ty .  

metals for the transfered and storage of ethylene oxide are: 

Approved 

Mild s t e e l  properly protected from corrosive atmosphere t o  prevent 

formation of rus t .  

Stainless steel 

Pure aluminum (99.6% pure or be t t e r )  

Metals t h a t  should not be used t o  handle ethylene oxide are: 

Copper and copper a l loys  

Magnesium and magnesium al loys 

Steel and i ron containing any t race  of r u s t  

Silver and s i lve r  alloys 

The non-metals approved for  service are: 

Teflon 

Kel-F 1 Temperatures below 160°F 

Glass  

Nylon - Intermittent service a t  ambient temperatures only. 
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Fluor ine  : 

Chemica 1 

Boil ing Po in t  

Freezing Poin t  

Cri t ical  Temperature 

Cri t ical  Pressure  

- 306OF 

- 363'F 

- 20O0F 

749 Ps ig  

F luor ine  is t h e  s t ronges t  oxidizing agent and one of the  most r e a c t i v e  

ma te r i a l s  known. 

except most of t he  i n e r t  gases .  Unconfined f luo r ine  is  s t a b l e  t o  shock, hea t ,  

and electric spark. 

j e c t e d  to  shock or h e a t ,  a s  a v io len t  r e a c t i o n  wi th  the  container  i s  poss ib le .  

F luor ine  i s  hypergolic with water vapor, ammonia, hydrogen, wi th  most f u e l s  

and most organic  vapors. 

Under proper condi t ions,  i t  r e a c t s  wi th  every known element 

However, containers  confining f l u o r i n e  must not be sub- 

Mater ia l s  of Construction 

Cleanl iness  i s  e s s e n t i a l  f o r  any f l u o r i n e  system. I f  the  metal  sur faces  

a r e  contaminated with organic substances,  such a s  o i l  and grease,  and comes 

i n  contac t  wi th  f l u o r i n e  o r  most any s t rong  oxid izer ,  l o c a l  hot  spots  may be 

formed which may cause a v io l en t  f a i l u r e  of the  encasing mater ia l .  Handling 

systems f o r  f l u o r i n e  should f i r s t  be cleaned t o  remove a l l  contaminates and 

then pass iva ted  wi th  f luo r ine  d i lu t ed  with an i n e r t  gas. 

When se l ec t ing  a mater ia l  f o r  a f luo r ine  system two fac to r s  mus t  be 

considered: 1 )  r e s i s t a n c e  t o  f luo r ine  a t t a c k  and 2)  mechanical s t r e n g t h  a t  

cryogenic temperatures.  As a general  r u l e ,  metals with low corrosion r a t e s  

of atmospheric condi t ions and with high kindl ing temperatures a r e  r e s i s t a n t  

t o  f luo r ine .  

adherent  metal f l u o r i d e  f i lm.  No data a r e  ava i l ab le  on the  e f f e c t s  of f a s t  

moving streams of propel lan ts  which might d i s t u r b  the  passivated p ro tec t ive  

Resistance i s  provided by t he  formation of a nonvola t i le  and 
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f l u o r i d e  f i lm and thus  inc rease  t h e  co r ros ion  ra te .  Metals  approved f o r  

f l u o r i n e  s e r v i c e  a r e  : 

1) Gas eous f l u o r i n e  

Nickel Copper 

Mone 1 Aluminum 

S t a i n l e s s  S t e e l  (300 s e r i e s )  Magnesium 

T i t  an  ium 

Z i  rc on ium 

Low Carbon S t e e l s  

2 )  Liquid f l u o r i n e  

Monel 

S t a i n l e s s  S t e e l  (304, 321, 347; 347 i s  c rack  s e n s i t i v e )  

Since moisture  i s  u s u a l l y  p re sen t ,  Monel i s  recommended as a cons t ruc -  

t i o n  material s i n c e  i t  is  r e s i s t a n t  t o  both  f l u o r i n e  and t h e  hydro f luo r i c  

a c i d  formed when f l u o r i n e  r e a c t s  w i t h  water.  

Non-metals t h a t  w i l l  s a t i s f a c t o r i l y  handle gaseous f l u o r i n e  a t  

moderate pressure  and flow rates are:  

Teflon (below 390°F) 

Kel-F ( a t  room temperatures)  

Ma te r i a l s  not  acceptab le  f o r  handling f l u o r i n e  are:  

P l a s t i c s  

Z i r conium Not accep tab le  when handling l i q u i d  f l u o r i n e  

Titanium 

Prolyethylene 

Neoprene 

Rubber 

Chemical 

Boiling Point  236OF 

Freezing Point 35'F 

Crit ical  Temperature 716'F 

Crit ical  Pressure 2120 Psig 
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Hydrazine i s  a s t rong  reducing agent, weakly a lka l ine ,  and very 

hygroscopic. 

i gn i t e .  

When i n  contac t  with metal  oxides and oxidizing agents i t  w i l l  

It decomposes on contact  wi th  such metals a s  i r o n ,  copper, 

molybdenum, and t h e i r  a l loys .  Liquid hydrazine i s  i n s e n s i t i v e  t o  shock o r  

f r i c t i o n  but  i t s  vapors can be exploded by an electric spark o r  by an open 

flame. Hydrazine i s  a s t a b l e  l i q u i d  over a wide range of temperatures.  It 

con t r ac t s  when f r eez ing  and i t s  chemical p rope r t i e s  a r e  unaffected by 

freezing. Thermal decomposition begins a t  about 320°F. 

Mater ia l s  of Construction 

When s e l e c t i n g  a ma te r i a l  f o r  a hydrazine handling system, two 

I f a c t o r s  must be considered: 

2 )  the  e f f e c t  of the  mater ia l  and/or corrosion products on r a t e  of decom- 

pos i t i on  of hydrazine. 

termining the  a c c e p t a b i l i t y  of a material f o r  hydrazine use. 

1) re s i s t ance  of the  mater ia l  t o  hydrazine and 
I 

1 
I 

I 
The s p e c i f i c  appl ica t ion  i s  a, major f a c t o r  i n  de te r -  

Metals t h a t  

may be used with hydrazine are: 

S t a i n l e s s  steel 303,  304, 316, 321, and 347 

Nickel, aluminum 2s and 3S,  Titanium 6AL-4V, and Tantalum 

The following materia, ls  should not be used: 

Haste 1 loy s 

Monel 

Aluminum 40E 

Lead 

I r o n  

Ma.gne s ium 

S t a i n l e s s  steels contain more than 0.5% Mo 

Zinc 

Copper and i t s  a l l o y s  

For certain appl ica t ions  there  may be s p e c i f i c  exceptions t o  the  l is ts  of 

metals given above. 

Non-metals dccepta,ble f o r  use with hydrazine a,re: 

Teflon 
Polyethylene (high dens i ty)  
K e  1 - F ( unp.1 a s  t i  c i zed) 
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Hydrocarbon Fuels :  

Chemic a. 1 

Considered i n  t h i s  group asre petroleum f r a c t i o n s  cf which only J p - 4 ,  

J p - 5 ,  and RP-1  w i l l  be considered.  

and je.t engine f u e l s  whi le  RP-1 i s  a rocke t  engine f u e l .  

J p - 4  and J p - 5  grades a r e  a i r c r a f t  t u r b i n e  

The J y - 5  and R P - 1  

f u e l s  may be descr ibed  a.s a. h igh-boi l ing  kerosene f r a c t i o n s ,  and JP-4 a s  J 

wide c u t  conta in ing  both kerosene and gaso l ine  f r a c t i o n s ,  

r e a c t  only wi th  s t r o n g  ox id iz ing  amgents o r  a.t extreme temperatures  a.n3 

Hydrocarbon i u e l s  

pressures .  They a r e  i n s e n s i t i v e  t o  mecha.nica.1 shock a s  l i q u i d s  but axe sen -  

s i t i v e  as vapor a i r  mixtures .  

<JP- 4 JP- 5 RP- 1 

F 225 t o  5 2 5  390 t3 5 5 0  350 tC7 5 2 5  
0 Boi l ing  poin t  

Maximum f reez ing  poin t  

Minimum f 1 ash p o i n t  

468 Aueoignftion temperature F - - 

F - 76 - 40 -40  

F 140 110 

0 

- 0 

0 

- Materia . ls  of Cons t ruc t ion  

Storage t anks ,  a s s o c i a t e d  piping and f i t t i n g s ,  pumping equipment, v a l v e s ,  

and o t h e r  metal  par ts  a r e  normally made of s t e e l  which meets t h e  appropr i a t e  

mechanical s p e c i f i c a t i o n s .  Copper a l l o y s  ( b r a s s ,  bronze,  and bery l l ium copper) 

should not  be used i n  con t inua l  con tac t  w i th  t h e  hydrocarbon f u e l s  s i n c e  they 

promote gum formation.  Brief  con tac t  such as wi th  hose nozz les  i s  harmless.  

Non-metals approved for USE are:  

F l u o r x a r b o n s  (Teflon and K e l - F )  

Polyethylene 

Polyamides (Nylon) 

Neoprene 

Buna-N 

Vinyls 
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Liquid  ~ y d r o g e n ;  

Chemi ca 1 

Boil ing Point -423'F 

Freezing Point -435'F 

C r i t i c a l  Temperature -400'F 

C r i t i c a l  Pressure 180 Psig 

Liquid and gaseous hydrogen a t  low temperatures i s  considered t o  be 

non-corrosive and w i l l  r e a c t  v i o l e n t l y  wi th  s t rong  ox id ize r .  It w i l l  i g n i t e  

very  e a s i l y  wi th  oxygen and spontaneously wi th  f l u o r i n e  and ch lo r ide  t r i -  

f l u o r i d e .  When allowed t o  evaporate ,  i t  becomes h ighly  combustible wi th  a i r  

over a wide range of mixture .  

Materials of Construct ion 

The r e t e n t i o n  of s t r u c t u r a l  p roper t ies  a t  cryogenic temperatures and 

a b i l i t y  t o  withstand thermal s t r e s s e s  produced by a l a r g e  temperature change, 

a r e  t h e  most important f a c t o r s  when se l ec t ing  a m a t e r i a l  f o r  a hydrogen 

handling system. The f e r rous  a l l o y s  with the  except ion of a u s t e n i t i c  

nickel-chromium a l l o y s  (300 s e r i e s  s t a i n l e s s  s t e e l )  l o s e  t h e i r  d u c t i l i t y  a t  

low temperatures .  Metals s u i t a b l e  for s e r v i c e  a r e :  

S t a i n l e s s  steel (300 series) Mone 1 

Copper Aluminum and most of i t s  a l l o y s  

Bronze Some n i c k e l  a l l o y s  

Brass Coba I t  a 11 oys 

Organic materials are l imi t ed  because of t h e  e f f e c t  of low tempera- 

t u r e s  on t h e i r  phys ica l  p rope r t i e s .  

t u r e  e f f e c t s  on the  gasket  m a t e r i a l .  Only hydrogen gas con tac t s  t he  gaske t .  

Non-metals approved f o r  use are:  

Warm j o i n t s  are  used t o  avoid tempera- 

i s  - 



Teflon 

Ke 1 -F 

Nylon 

Hydrogen Per’oxlide (52 to 100% H202. By Weight:. 

Chemic a 1 

Boiling Point 

Freezing Point 

Hydrogen peroxide is a monopropellant and an active oxidizing agent. 

It is also an energy-rich material which decomposes yielding water, oxygen, 

and heat. When decomposed by a catalyst, it generates heat rapidly and at 

solution concentrations above 67%, enough heat is generated to raise the 

temperature of the solution to its boiling point. Hydrogen peroxide is hyper- 

golic with hydrazine. When alone it is insensitive to shock waves and impact, 

but mixtures of appropriate organic materials with hydrogen peroxide form 

258 to 302’F (function of concentration) 

-40 to 31°F (function of concentration) 

combinations that can be exploded by heat or shock. contaminants in hydrogen 

peroxide affect the decomposition rate and shock sensitivity. Proper stabili- 

zers such as pyrophosphates, fluorides, cyanides, and sodium stannate can be 

used to control the rate of decomposition. 

Materials of Construction 

Proper selection and passivation of materials are essential when 

handling hydrogen peroxide because of the possibility of explosive combina- 

tions. 

They are 1) effect of hydrogen peroxide on the material and 2) the effect 

of the material on hydrogen peroxide. 

4 service classes, as follows: 

Two important factors must be considered in choosing a material. 

Materials have been divided into 
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I. Long t i m e  contac t  

Aluminum 1060 Teflon 

Tantalum (pure) Zirconium (pure) 

11. Transient  contac t  and temperature l imi t a t ions  as experienced i n  

valves  and pumps. 

Aluminum 3003, 4043, 5052, 5254, 6061 

S t a i n l e s s  S t e e l  304, 316, 321, 347, 17-7PH 

111. Materials t h a t  might contaminate tkhydrrogen peroxide and render 

it unsui tab le  f o r  s torage  f o r  even shor t  t i m e  contact  experience 

i n  one shot  propuls ion un i t s ,  

Aluminum 2024, S t a i n l e s s  S tee l  19-9 DL, Hastel loys,  

Inconel X 

I V .  Material causing r ap id  decomposition, are quickly a t tacked  by i t ,  

o r  forms explosive mixture. 

S t a i n l e s s  S t e e l  (400 s e r i e s )  Mild S tee l  

Cobalt Copper 

Magnesium Titanium 

N i  cke 1 Be r y 1 1 i um 

Monometliylhydrazink- CH3NHNH2:. 

Chemical 

Boi l ing  Poin t  189.5'F 

Freezing Poin t  -62.5OF 

Cr i t ica l  Temperature 562'F 

Cr i t ica l  Pressure 1180 p s i g  
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Monomethylhydrazine is a strong reducing agent, weakly alkaline, 

and when exposed to air on a large surface may undergo auto-ignition. A 

film of monomethylhydrazine in contact with metallic oxides or other 

oxidizing agents may cause ignition. It will decompose when in contact 

with some metals such as iron, copper, and their alloys. Monomethylhydrazine 

is insensitive to friction and impact, contracts upon freezing and is not 

chemically affected by freezing. 

Materials of Construction 

Monomethylhydrazine is compatible with most common metals under a 

wide variety of conditions. The preferred materials are: 

Stainless Steel 304 and 347 

Aluminum 3003, 5052, 5154, 1060, 6061 

Due to the diversified applications of non-metals, it is impractical 

to be specific about their performance. However, the preferred materials are: 

Teflon 

Ke 1- F (unp la s tic i zed) 

Polyethylene (high density) 

Fuming Nrtric Acids: 

Chemical 

The fuming nitric acids considered are: 

WFNA - white fuming nitric acid 

RFNA - red fuming nitric acid 

INFNA - inhibited white fuming nitric acid 

IRFNA - inhibited red fuming nitric acid 

WFNA l2FNA 

Bubble Point 186'F 150°F 
Melting Point -45'F -57OF 
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The bubble po in t  i s  the  temperature a t  which n i t r i c  a c i d  appears  t o  

Fuming n i t r i c  a c i d s  are highly co r ros ive  ox id iz ing  agents  and w i l l  b o i l .  

v igorous ly  a t t a c k  metals. They also react w i t h  organic  materials spontaneously 

causing f i r e s .  

All cor ros ion  rates, s u s c e p t i b i l i t y  t o  co r ros ion ,  and r e a c t i o n  rates wi th  

They a r e  s t a b l e  t o  a l l  types of mechanical shock and impact. 

f u e l s  are a f f e c t e d  by temperature.  To reduce t h e  co r ros ion  ra te  and s u s c e p t i -  

b i l i t y  t o  co r ros ion  i n  some app l i ca t ions  an  i n h i b i t o r  of hydro f luo r i c  a c i d  

may be added t o  fuming n i t r i c  a c i d .  

Materials of Cons t ruc t ion  

Metals accep tab le  f o r  use are: 

Aluminum 1060 

3003 
3004 

6061 

5254 

5052 

Tantalum 

2 i r c onium 

Haynes 25 

Nickel A 

S t a i n l e s s  S t e e l  347 
19- 9DL 

304ELC 

321 
303 

316 

below 160°F 

below 130°F 

below 150°F 

below 160°F 

below 160°F 

below 160°F 

below 160°F 

below 160°F 

below 160°F 

below 130°F 

below 130°F 

below 130°F 

below 130°F 

below 130°F 

below 130°F 

below 120°F 

Other fe r rous  and non-ferrous metals and t h e i r  a l l o y s  are not  

accep tab le  because they  react wi th  fuming n i t r i c  ac id ,producing  t o x i c  oxides  

of n i t rogen ,  and f a i l  due t o  corrosion.  

Non-metals a c c e p t i b l e  f o r  use a.re: 

Kel-F, Teflon,  Polyethylene 
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Nitrogen Tetroxide : 

Chemic a 1 

Boiling Point 70°F 

Freezing Point ll°F 

Critical Temperature 316.8'F 

Critical Pressure 1455 psig 

Nitrogen tetroxide is a corrosive oxidizing agent that is hypergolic 

with monomethylhydrazine. It is insensitive to.mechanica1 shock, heat, and 

detonation and is inflammable in air but does support combustion. Nitrogen 

tetroxide vapors form explosive mixtures with fuel vapors, especially in 

confined spaces. 0 At temperatures above 302 F dissociation into nitric oxide 

and free oxygen begins. 

Materials of Construction 

At standard ambient temperatures and pressures, nitrogen tetroxide 

is not corrosive to most common metals. The degree and susceptibility of 

corrosion is influenced by the moisture content. 

Met a. 1 s acceptible for use a.re: 

1) For dry (less than 0.1% water) nitrogen tetroxide 

Aluminum a.lloys low alloy steels 

Stainless steel titanium (if water content is increased 

N 0 may become shock sensitive) 2 4  
2) For wet nitrogen tetroxide 

Aluminum alloys alloy steels 

Stainless steel (300 series) 

Metals not recommended for use with nitrogen tetroxide are: 

Copper alloys, nickel alloys 

Non-metals suitable for handling nitrogen tetroxide are: 

short time exposures i Kel-F (unplastici zed) Polyethylene 
Tef Ion Silicone rubber 
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Vinyl p l a s t i c s ,  i n  gene ra l ,  do n o t  hold up i n  N 0 
2 4 .  

LiGuid Oxygen: 

Chemi ca 1 

Boil ing Point -297.4 

Freezing Point -361 

C r i t i c a l  Temperature -181.1 

C r  i t i c a  1 Pres s u r  e 722 .2  ps ig  

Oxygen i s  a s t rong  ox id ize r  which v igorous ly  suppor ts  combustion and 

Although the  r e a c t i v i t y  of l i q u i d  oxygen i s  next  t o  f l u o r i n e  i n  r e a c t i v i t y .  

i s  r e l a t i v e l y  low compared t o  oxygen a t  room temperatures ,  i t  w i l l  not 

decompose and mixes wi th  a l l  materials t h a t  w i l l  burn,  e s p e c i a l l y  rocke t  f u e l s ,  

r ep resen t ing  explosion hazard.  These mixtures can  u s u a l l y  be exploded by 

s t a t i c  e l e c t r i c i t y ,  mechanical shock, e l e c t r i c  spa rk ,  and o the r  similar 

energy sources .  

Materials of Construct ion 

The primary cons ide ra t ion  i n  s e l e c t i n g  a mater ia l  i s  i t s  a b i l i t y  t o  

wi ths t and  low temperatures without  losing i ts  mechanical p r o p e r t i e s  and t o  

wi ths tand  stress concent ra t ions  developed during sudden o r  l a r g e  temperature  

changes. Ferrous a l loys  (except 18-8 and N i  s e r i e s )  are t o o  b r i t t l e  f o r  

u se  a t  l i q u i d  oxygen temperatures .  The metals accep tab le  f o r  s e r v i c e  wi th  

l i q u i d  oxygen are:  

S t a i n l e s s  s tee l  (18-8 s e r i e s )  Brass Inconel  

Copper Monel Aluminum 

Bronze Nickel  

Severa l  ins tances  have been reported of v i o l e n t  r eac t ions  of t i t an ium 

and l i q u i d  oxygen which appeared t o  be r e l a t e d  t o  impact. Impact s t u d i e s  
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have a l s o  shown some r e a c t i v i t y  of oxygen wi th  zirconium and aluminum. 

Non-metals approved f o r  LOX are:  

Teflon, Kel-F, Spec ia l  s i l i c o n e  rubbers  

Organic materials should be avoided w i t h  both l i q u i d  and gaseous 

oxygen because of poss ib l e  explos ions .  I f  use  i s  necessary  cau t ion  should 

be  taken. Fluorocarbons and aluminum should not  be used toge the r  i n  t h e  

system handling l i q u i d  oxygen. 

Pentaborane (B5Hg) : 

Chemical 

Boi l ing  Po in t  140. l0F 

Freezing P o i n t  -52'F 

Cri t ical  Temperature 441°F 

Critical P res su re  557 p s i g  

Pentaborane may flame spontaneously on contac t  w i th  a i r ,  and may r e a c t  

exp los ive ly  o r  form shock-sens i t ive  s o l u t i o n s  wi th  h ighly  halogenated o r  

oxygenated solvents .  By i t s e l f  pentaborane i s  i n s e n s i t i v e  t o  shock. It w i l l  

r e a c t  wi th  hydrazine and o the r  

exp 10s ive  l y  . 
0 amines, and decomposes a t  302 F but  not  

Mater ia l s  of Construct ion 

Metals and a l l o y s  s u i t a b l e  f o r  use are: 

Aluminum 5052, 6061-T6, 7075-T6, 2024-T3, 3003-H14 

S t a i n l e s s  s teel  18-8 series Nickel  

Low carbon s teel  Magnesium 

K- Mone 1 Titanium 

Monel M-8330- B Copper, Brass 

Has te l loys  
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Non-metals s u i t a b l e  f o r  u s e  a r e  

Kel-F, T e f l o n ,  F l u o r o s i l i c o n e  r u b b e r ,  Viton 

Some of t h e  p r o h i b i t e d  m a t e r i a l s  w i t h  pentaborane  a r e :  

N a t u r a l  r u b b e r  Neoprene 

Nylon S i  1 i c  one 

Vinyl idene  p l a s t i c  

P e r c h l o r y l  F l o u r i d e  (CL03F): 

Chemical 

B o i l i n g  P o i n t  -52.3'F 

F r e e z i n g  P o i n t  - 231°F 

C r i t i c a l  Temperature 203.3'F 

C r i t i c a l  P r e s s u r e  764 p s i g  

P e r c h l o r y l  f l u o r i d e  i s  a s t r o n g  o x i d i z i n g  agent  which under most con-  

0 d i t i o n s  i s  r e l a t i v e l y  n o n - r e a c t i v e  and s t a b l e  t o  850 F. Temperature i s  t h e  

major  c o n t r o l l i n g  f a c t o r  i n  r e a c t i o n  ra tes .  Explosions have been noted  a s  a 

r e s u l t  of mixing gaseous o r  l i q u i d  p e r c h l o r y l  f l u o r i d e  w i t h  ammonia, hydra-  

z i n e ,  and some gaseous o r  l i q u i d  amines.  P e r c h l o r y l  f l u o r i d e  vapors  can form 

an  e x p l o s i v e  mixture  w i t h  combust ible  vapors  t h a t  can be d e t o n a t e d  by s t a t i c  

e l e c t r i c i t y ,  e l e c t r i c  s p a r k ,  o r  f lame. I t  combines w i t h  porous o r g a n i c  

m a t e r i a l s  forming shock s e n s i t i v e  explos ive  m i x t u r e s .  

Materials of C o n s t r u c t i o n  

A t  room tempera tures  p e r c h l o r y l  f l u o r i d e  i s  n o t  c o r r o s i v e  t o  most 

metals but  m o i s t u r e  c o n t e n t  is  a governing f a c t o r  i n  s e l e c t i n g  a m a t e r i a l  

f o r  service.  The r e a d i l y  o x i d i z i n g  metals w i l l  burn i n  p e r c h l o r y l  f l u o r i d e  

w i t h  t h e  metal  s u r f a c e  area t o  volume r a t i o  a major  f a c t o r .  

i n g s  burn  r e a d i l y ,  w h i l e  f o i l  and s h e e t  are  more r e s i s t a n t .  Meta ls  s u i t a b l e  f o r  

Powders and f i l -  
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s e r v i c e  a r e :  

Perchloryl  F luo r ide  (dry)  Perchlory l  f l u o r i d e  (moist)  

Carbon s teel  S t a i n l e s s  s t e e l  (304, 310, 314) 

Aluminum Haste 1 loy  

S t a i n l e s s  S t e e l  Tantalum 

Copper 

Brass 

Bronze 

The lack  of ope ra t iona l  and long term da ta  restricts t h e  non-metals 

t h a t  can be recommended f o r  s eve re  s e r v i c e ,  where opera t ing  condi t ions  might 

i n i t i a t e  combustion o r  de tona t ion ,  t o  Kel-F and Teflon.  

I - \  Unsrmme M i c d  Dimectb37lAydr'aiihe (uD?~IQ: 

Chemic a 1 

Boiling Point  146'F 

Freezing Point -71°F 

C r i t i c a l  Temperature 480°F 

C r i t i c a l  Pressure  865 ps ig  

UDMH i s  s l i g h t l y  a l k a l i n e  and hypergol ic  wi th  some oxidants  such as 

fuming n i t r i c  a c i d s ,  n i t r o g e n  t e t r o x i d e ,  hydrogen peroxide,  c h l o r i n e  t r i -  

f l u o r i d e ,  and f l u o r i n e .  

even a f t e r  s u s t a i n e d  s t o r a g e ,  UDMH i s  i n s e n s i t i v e  t o  shock and has thermal 

s t a b i l i t y  up t o  480°F. 

occurs a t  740 t o  750 F while  a t  one atmospheric p re s su re ,  t h e  decomposition 

becomes explosive a t  1112 F. 

No formation of gums o r  o the r  s o l i d s  has been noted 

Decomposition i n  an  atmosphere of helium o r  n i t r o g e n  

0 

0 



Materials of Construction 

UDMH is compatible with most metals under a w i d e  variety of conditions, 

There are no known limitations on the use of UDMH with nickel, monel, or 

stainless steels 303, 304, 316, 321, and 347. Aluminum alloys are good for 

this service, but it has been noted that aluminum is attacked to some extent 

by dilute aqueous solutions of UDMH. The use of copper and high-copper alloys 

is prohibited in UDMH handling systems. 

Because of the variable nature of the service in which non-metals may 

be used, it is impractical to be specific regarding their performance. The 

best materials include Teflon, unplasticized Kel-F, Nylon and Polyethylene. 
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